This paper details the reasons for differences between locally collected data and 1990 Census data as determined from a detailed analysis of model development efforts in two planning studies. Agencies around the country are beginning to use Census data that has been adjusted based on newly released Federal Highway Administration publication. A number of issues persist on why it is so difficult to match locally collected data and Census data.
The 1990 Census Transportation Planning Package (CTPP) is the latest version of a program established for the 1970 Census and continued for the 1980 Census (Urban Transportation Planning Package) in the same general format. The 1990 CTPP is produced by the Bureau of the Census and funded by the various state departments of transportation. Planning and administrative costs were funded by the Federal Highway Administration and the Federal Transit Administration. The Federal Highway Administration also provides project coordination and technical support on the use and application of the Census. Census data as presented in the CTPP cannot be used directly for comparison to traffic forecasting models. Adjustment factors have been developed by the authors so that this data can be directly compared to traffic models and is detailed in the publication Transportation Planner's Handbook on Conversion Factors for the Use of Census Data (DTFH61-91-C-00079). This paper details the application of those factors to CTPP and then comparing those results to a traffic model developed in Atlanta, GA. Databases used for this analysis included:
CTPP
The Census Transportation Planning Package (CTPP) is a collection of Census data summary tables developed to meet the needs of transportation planners. The CTPP is primarily based on responses to the long-form Census questionnaire which is completed by one in six households. The long form includes 34 population questions for each person in the household and 19 housing questions. Due to the scale and complexity of the data, the CTPP is divided into two elements: statewide and urban. The data contained in each element are comparable, and generally differ only in geographic scale. The statewide package was developed for each state and the District of Columbia. The urban package was developed for each CTPP "region" as defined by the region's Metropolitan Planning Organization (MPO).
PUMS Data
Another Census resource which is invaluable to transportation planners is the Public Use Microsurvey (PUMS) data. These files consist of random samples of individual disaggregate household records. Samples are provided at the 1 percent and 5 percent levels, the latter being of greatest interest for transportation planners. In order to ensure privacy of the individual data records the identification of geographic area is limited in the latter data set to areas not smaller than 100,000 population, referred to as Public Use Microsurvey Areas (PUMAs). These areas normally consist of counties or aggregations of counties. Where counties are large enough, PUMAs consist of subdivisions of counties. These data items provide the planner with the capability of aggregating household records in any form that is convenient for analysis. This is particularly useful in the generation of cross-classification trip generation models where information by individual travel zone is not important.
NPTS Dataset
The Nationwide Personal Transportation Survey (NPTS) was used to derive Census conversion factors. The sample size was large enough to permit stratification of some factors by metropolitan area size and normal travel mode. Normal mode is defined as the mode which the survey respondent indicated was their customary mode of travel to work. More important is the fact that the NPTS mode of travel was asked both in terms of an individual's normal mode-to-work during the past week, and in terms of a more conventional travel diary for all household members on a random day of the week. Thus the NPTS files contain all of the data necessary to generate conversion factors directly. Further, the definition of worker in the NPTS includes anyone who was working at all during the past week. This is consistent with the worker definition used by the Census.
TIGER Files
Procedures are currently available to apply Census Topologically Integrated Geographic Encoding & Referencing (TIGER) files to help determine the traffic analysis zone (TAZ) structure for a travel demand model. All major geographic information system (GIS) packages on the market currently have import functions for TIGER files. If traffic analysis zone boundaries are properly related to Census tract boundaries, then both model run results and Census data can be imported to the GIS for analysis.
Atlanta, Georgia Case Study
This paper provides a direct comparison of the application of Census data as adjusted using the factors developed in the Census factors study, to the actual four step model process as developed and calibrated in the greater Atlanta area for the Georgia Department of Transportation. Atlanta was chosen for study for several reasons. First, it is typical of a large growing metropolitan area with a full range of transit modes. Second, the models developed for Atlanta were based on a full range of carefully developed surveys undertaken in 1990 to be contemporary with the Census. Third, the analysts doing the comparison were intimately involved with the development of the models for Atlanta limiting the possibility that there might be inconsistencies in definitions that could bias the comparison; e.g., area coverage or trip type definitions. The comparison follows the conventional four-step modeling process and applies the Census data as it might be used to develop model components in the absence of locally collected survey data.
Trip Generation
The trip production models used by Atlanta are typical of what is considered to be good practice today. The model as currently applied is a cross-classification model that uses four categories of household size and four categories of auto ownership. The model was developed from relationships derived from a 1990 home interview survey conducted in the Atlanta metropolitan area.
A similar model was derived for comparison purposes from the 1990 Census Public Use Microsurvey (PUMS) files, for the Atlanta region, using identical definitions of household size and autos per household. A trip "production" is normally defined as a trip which begins or ends at home by a member of the household. Consequently, the Census is an excellent source of this data. The resulting Census derived model is compared with the model derived from local surveys in Table 1 . The PUMS data sets are random samples of disaggregate Census data and as such are extremely useful products that complement the CTPP. These data sets provide ultimate flexibility in generating any possible cross section of data collected by the Census. Since PUMS data sets are derived from the same set of Census questions as the journey-to-work tabulations; this data must be adjusted using the same adjustment factors recommended for the journey-to-work files. Trip attraction models are normally derived as a statistical function of employment. The Census, unfortunately, can be of little help in this area as employment by place of work is not reported by the Census.
For most cells in the matrix the comparison is excellent with comparatively little variation between the two models. For zero auto households and for the two smallest household sizes the differences are more substantial. Viewing the progression of trip generation rates by auto ownership and household size in each row and column, there would appear to be irregularities in the progressions of both models, which might suggest the utility of using some composite of both models in a further refinement. Some cells also contain small sample sizes contributing to the differences.
Aggregate comparisons of the numbers of trips generated by the two models, illustrated in the row and column totals of Table 2 , show an excellent match with an overall difference across the metropolitan area of only about four percent. Differences by county are almost as good with few differences in county to county movements exceeding five percent. Census derived estimates for the inner most counties, Fulton and Dekalb tend to be lower than the survey derived estimates. Conversely, the more rural counties tended to be somewhat overestimated. This difference between the inner and the more rural counties is predictable. A separate home interview survey conducted for the rural counties in 1993 showed lower overall trip generation per household than the survey of the inner counties in the region conducted in 1990. These same conclusions are supported by NPTS data.
The Census PUMS data is a powerful, inexpensive tool for metropolitan transportation planners that should not be ignored in the development of such trip generation models. Even if locally based survey data is available, comparisons with this readily available resource will provide an excellent quality control on the model to be developed. 
Trip Distribution
One of the most powerful applications of the Census journey-to-work files is often in the validation of the regional work trip distribution model. While local home interview surveys can be useful in many aspects of model development, typically there is not enough data acquired to provide accurate estimates of trip distribution at the county level in an area the size of the Atlanta region, much less at the traffic analysis district or zone level. Normally such surveys for an area this size might contain 1,500 to 4,000 completed household records. The magnitude of the Census data make it particularly useful in this context. Table 2 compares the trip distribution of the gravity model for Atlanta aggregated to the county level with a comparable distribution of trips extracted from the 1990 journey-to-work files for Atlanta and expanded by the factors suggested in this report. The maximum differences between the two distributions are in the range of 10 to 15 percent with the vast majority of the cells having differences of less than 5 percent. Clearly, the use of Census data is appropriate for this purpose, even if the total trips as derived from the Census are to be factored to match regional totals derived locally.
Note: The tables are arranged so that county name listed on the vertical y-axis of each table is in the same order for the x-axis which is not shown in the tables.
Mode Choice
Another valuable application of Census data could be the development, and/or validation of a region's mode choice model. Unfortunately, it would appear to be in the area of identification of mode of travel that the Census journey-to-work data may be weakest. In most of the cities reviewed, there were significant differences between transit trips as reported by the Census and those reported by transit operating agencies, with substantial underestimates of transit ridership commonplace with Census data. The situation is even worse when estimates by transit submodes are considered. These problems are particularly apparent in the Atlanta area where regional bus trips appear to be greatly overestimated while trips on the regional rail system, MARTA, are underestimated.
Tables 3-1 through 3-3 provide a comparison of total transit trips for the Atlanta area, bus trips and rail trips, respectively, as derived from the Census journey-to-work files and expanded by the conversion factors suggested by this report, with totals as reported by on-board surveys completed by MARTA, the regional transit operator, supplemented by data from the Cobb County transit system. The comparison is quite disappointing. Total transit trips as reported by the Census and adjusted are 36 percent lower than those reported locally.
Part of this is to be expected and can be explained by the instructions in the Census to report a trip made by more than one mode as the mode on which the greatest time was spent. Thus a long drive access trip to a MARTA Rail station and a comparatively shorter rail trip would be recorded as an auto trip by the Census. That same trip would be reported as a transit trip in most urban planning models, including Atlanta's.
The differences between these sources is even greater by submode. It appears that bus is substantially over reported while rail trips are under reported. Part of this can, again, be explained by the Census rule of reporting the mode on which one spent the most time on a trip using both bus and rail, but the magnitude of the differences cannot be accounted for entirely from this source. Clearly there is no substitute for locally derived transit data for the estimation or validation of a model capable of estimating modal choice. However, where an adequate on-board survey providing true origins and destinations of trips, not just station of boarding and alighting, is not available, the Census may be useful to provide a crude estimate of the distribution of trips. This distribution could then can be factored to an estimate of total linked home-based-work transit trips provided by local transit operators. If all else fails, the Federal Transit Administration Section 15 data source can supply estimates of total daily unlinked transit trips. Estimates of the percent all trips which are home-based work and the percent of transfers on the system can normally be estimated by the transit operator or derived from other similar transit systems nationally.
Conclusions
The greatest disparity for comparing the Census adjusted data to the local model data is based upon the inherent problems in the Census data. Because the Census asks for "typical/usual" data and "longest" mode, non-primary modes (transit) suffer from the adjustment and can only be assumed to be a best guess estimation. Comparisons for trip ends and trip distribution for total trips and auto trips proved to be close while the transit sub-modes had erratic results. The definition of the study region also plays a part in the disparities. Regions as defined by the traffic model versus Census boundaries can affect the number of trips used in the comparison. A third issue is the sample size that is available in any given stratification cell (1 auto-5 person households as an example) or distribution exchange (outlying zones-to-outlying zones) which tends to make these increments portray the greatest disparity in the comparison.
Preliminary comparisons have also been made using the Census adjusted data with locally developed model data in Hampton Roads, Virginia and Salt Lake City, Utah. Consistent with the Atlanta data, comparisons for total and auto for trip generation, trip distribution and mode split showed similar results to the Atlanta data set. Cells in the trip generation model with the fewest observations had the greatest differences. Locations with the fewest trip interchanges between zones in the trip distribution model showed the greatest differences. And sub-modes that made up less than 5% of the regional trip making also showed a poor comparison.
Adjusted census has been proven to be a valuable tool in the development of traffic model. For the calculation of cross-classification models or the review of trip distribution it can be as good as locally collected origin-destination data which is both costly and time consuming. Where the Census data falls short is in the analysis of mode. Reviewing the results indicate that Census is only reliable at the total trip or auto trip level. Other modes such as transit would have to rely on locally collected count data to validate transit trip estimates or locally calibrated mode choice models, which are costly, very time consuming and technically complicated.
